The diorites-granodiorites emplaced at ca. 175 Ma in southeastern Hunan tectonic-magmatic belt (SHB), South China Block (SCB), are high-K calc-alkaline. They are characterized by LREE-LILE enrichment and HFSE depletion with slight or no Eu anomalies. Age-corrected initial 87 Sr/ 86 Sr ratio spans a narrow range of 0.707962~0.710396 and ε Nd (t) of -6.98~-2.30. These features are significantly different from those of the neighboring other Mesozoic granitic plutons (Eu/Eu* = 0.30-0.70; 87 Sr/ 86 Sr > 0.710; ε Nd = -12 to -16) in South China, which have been interpreted as the remelting products of Precambrian basement. The crust anatexis cannot account for the geochemical characteristics of these diorites-granodiorites in the SHB. The partial melting of an enriched lithosphere mantle directly produced mafic-intermediate rather than acid magma, and can also not explain the geochemical and isotopic variations exhibited by these diorites-granodiorites. These diorites-granodiorites likely represent partial melting products of mantle-derived basaltic rocks, which were underplated and hybridized with old crust material at lower/middle crust level. Theoretical modeling further suggests that this hybridized source consisted of 15-30% of the lower/middle crust and 70-85% of depleted mantle-derived basaltic rocks. The occurrence of these dioritegranodiorites in southeastern Hunan province therefore marked a major intra-lithospheric extension episode during early Mesozoic.
INTRODUCTION
The South China Block (SCB) was intruded by voluminous Mesozoic granitic plutons, some of which are closely associated with large to giant multi-metal deposits (e.g., Chen and Jahn, 1998) (Fig. 1(a) ). Over the past 20 years, a number of models have been postulated to explain the petrogenesis of these Mesozoic granites in SCB (e.g., Hsü et al., 1990; Zhou and Li, 2000; Li, 2000) . An extensional regime is now favored for the late Mesozoic tectonic evolution in the SCB (e.g., Li, 2000) . However, the tectonic setting during early Mesozoic in this region remains hotly debated. Some hypotheses, such as Andean-type active continental margin, Alps-type collision belt, lithosphere subduction with underplating of mafic Chen and Jahn, 1998; Zhuang et al., 1988; Li et al., 1999; Li, 2000) . (Chen and Jahn, 1998) . Ma are from Zhao et al. (1998) . The location of late Mesozoic xenoliths-bearing basalts refers to Guo et al. (1997a, b) . Sm (>8 ppm) and Nd contents (>45 ppm) with relatively high ε Nd (t) values (-4 to -8) and are interpreted as a result of mantle upwelling along a "paleo-rift" (Gilder et al., 1996) . The southeastern Hunan tectonic-magmatic belt (SHB) belongs to the southern part of the Shi-Hang geochemical anomaly zone. Being an intensively deformed intracontinental belt between the Yangtze and Cathaysian blocks during Mesozoic (e.g., Hsü et al., 1990) , this belt is also an important Mesozoic geochemical anomaly zone in the interior of SCB. In addition to voluminous Mesozoic granites in this belt (e.g., HBGMR, 1986; Chen and Jahn, 1998) (Fig. 1(a) ), some early Mesozoic high-K diorites-granodiorites and mantle xenoliths-bearing mafic volcanics are present in this zone (Guo et al., 1997a; Zhao et al., 1998; Wang et al., 2001) ( Fig. 1(b) ). The magmatism might be related in temporal and spatial to underplating event identified by gabbro xenoliths (ca. 224 Ma) hosted by late Mesozoic basalts (Guo et al., 1997a) . The SHB, therefore, is a crucial area for understanding early Mesozoic tectonic evolution in the SCB.
(b) Geologic map of southeastern Hunan tectonic-magmatic belt (SHB). The boundary between the Yangtze and Cathysian blocks is defined by the occurrence of Meso-and Neoproterozoic Banxi Group
With aims to better characterize the petrogenesis and tectonic implications of early Mesozoic geochemical anomaly zone, we conducted a set of zircon U-Pb geochronological, mineralogical and geochemical studies on the diorites-granodiorites in the SHB. These dioritesgranodiorites with 3-25% calcic amphibole, A/ CNK = 0.79-1.19 depicted as below could be classified as I-type granitoids. They are compositionally favorable for distinguishing from the neighboring other Mesozoic granites that are predominately characterized by S-type. These diorites-granodiorites may have resulted from partial melting of underplated basaltic rocks hybridized with old crustal material at ca. 175 Ma. The important thermal and material transfer from mantle to crust during early Mesozoic suggests an intra-lithospheric extension setting in the SCB at that time.
GEOLOGICAL SETTING AND PETROGRAPHY
The high-K diorites-granodiorites are predominately distributed in the SHB. They constitute a NE-trending tectono-magmatic zone between Chenzhou-Linwu and Hengyang-Shuangpai faults ( Fig. 1(b) ). Spatially, these diorites-granodiorites are closely associated with large to giant copper multi-metal deposits (e.g., HBGMR, 1986; Zhuang et al., 1988) . From north to south in the SHB, the typical dioritic-granodioritic intrusions include Shuikoushan diorites, Baoshan and Tongshanling granodiorites. Generally, these diorites-granodiorites are of small volume and occur as veins, laccoliths, knobs and batholiths with 200-4600 m in length and 150-1600 m in width. Most of them intruded into late Paleozoic sedimentary sequences ( Fig. 1(b) ). For instance, Shuikoushan diorite and Baoshan granodiorite intruded into early Carboniferous sedimentary sequence, while Tongshanling granodiorite into late Permian limestone. Amphibolite, gneiss and diorite enclaves are found in Tongshanling, but absent in other two intrusions.
Lithologically, Baoshan and Tongshanling intrusions comprise predominately biotite granodiorites whereas Shuikoushan intrusion contains biotite diorites and quartz diorites. These diorites-granodiorites show subhedral granular textures of mediate grain sizes (2-5 mm) with partial porphyritic fabrics in some samples. The phenocrysts are commonly constituted by plagioclase, quartz and alkali feldspar, and the matrix is mainly composed of fine-grained plagioclase, quartz and a few biotite, amphibole and opaque oxides. The rocks contain 35-50% plagioclase, 5-25% alkali feldspar, 10-35% quartz, 5-15% biotite, 3-25% amphibole and minor amounts of euhedral sphene, apatite, zircon, Fe-Ti oxides and allanite. Plagioclase phenocrysts display optical zonation, and tend to be euhedral to subhedral with the size of 2-5 mm. The alkali feldspar is microcline, and contains abundant perthite as blebs and stringers. Hornblende exhibits brown-light and green subhedral-anhedral polychroism. Variation in mineral contents is somewhat correlated with that of SiO 2 contents in these intrusions. Shuikoushan dioritesgranodiorites (SiO 2 = 60.0-65.1%) have higher proportion of biotite and hornblende but less Kfeldspar and quartz than that of Baoshan and Tongshanling granodiorites (SiO 2 = 63.3-68.2%).
ANALYTICAL TECHNIQUES
Zircons were finally separated and concentrated by heavy liquid, and isodynamic magnetic separators and were then handpicked under a binocular microscope. Only those idiomorphic zircon grains free of inclusions and cracks have been selected for U-Pb dating. Zircon grains were digested in a 0.25-ml Teflon capsule and spiked by the combination-bombs with 205 Pb-235 U-spike mixture. Four to ten grains for each separate sample were selected for U-Pb isotopic analyses. The procedure is after Krogh's (1973) . The initial common Pb is corrected by model of Stacey and Kramers (1975) and whole procedure blank was 0.050 ng for Pb and 0.002 ng for U. U-Pb abundance and their isotopic ratios were determined using a mass-spectrometer VG 354 at Tianjin Institute of Geology and Mineral Resources, Chinese Ministry of Land and Resources (MLR). All U-Pb analyses were done using an ion-counting Daly detector in peak hopping mode. Data procession was performed using the PBDAT and plotted by ISOPLOT software. The results are given in Table 1 .
The chemical compositions of single minerals were performed on a JCXA-733 Microscan Microprobe (0.2 µA, 20 kV) at the Institute of Geochemistry, Chinese Academy of Sciences (CAS). Representative mineral compositions are given in Table 2 . The hornblende and biotite compositions listed in Table 2 are the mean values of 3-5 individual spots from several neighboring grains.
Major oxide contents were analyzed at the Hubei Institute of Geology and Mineral Resource, MLR, by a wavelength X-ray fluorescence spectrometry with analytical errors better than 2%. FeO content in sample is solely analyzed by a wet chemical method. Trace element analysis was performed at the Guangzhou Institute of Geochemistry, CAS by an inductively coupled plasma mass spectrometry (ICP-MS). Detailed analytical procedure is referred from Liu et al. (1996) . Reproductivity is better than 95% with general analytical error less than 5%.
Sr and Nd isotopic ratios were measured by a VG 354 mass-spectrometer at Institute of Geology and Geophysics, CAS. The ratios were normalized to 86 Table 3 .
RESULTS

Zircon U-Pb dating
All zircon grains for U-Pb dating are light brown, prismatic and transparent with well-developed crystal faces, indicating that they are predominately magmatic (Wang et al., 2001) . Four zircon grains from a Baoshan granodiorite are plotted on the concordia line with a mean 206 Pb/ 238 U apparent age of 173.3 ± 1.9 Ma (MSWD = 0.051) ( Fig. 2(a) ). Three zircon grains from a Shuikoushan diorite are also on the concordia line ( Fig. 2(b) ), yielding a mean 206 Pb/ 238 U apparent age of 172.3 ± 1.6 Ma (MSWD = 0.181). These diorites-granodiorites in SHB were generated at 800-850°C discussed in Subsection 4.2, whereas the closure temperature of zircon U-Pb isotopic system is generally 650-700°C. Therefore this age is considered as the best estimate of its crystalli- Stacey and Kramers' (1975) zation age. The fourth zircon is plotted below the concordia line with a 207 Pb/ 206 Pb apparent age of 666 ± 27 Ma. It is unclear for the exact geological meaning of the older apparent age. It is inferred that the zircon has possibly rudimental core from crust basement. Two zircon grains from a Tongshanling granodiorite are plotted on the concordia line and yield a mean 206 Pb/ 238 U apparent age of 178.9 ± 1.7 Ma (MSWD = 0.181). The others from the Tongshanling sample are plotted Schmidt (1992) .
below the concordia line but constitute a well-defined regression line (MSWD = 5.5) with the upper intercept age of 1746 ± 197 Ma and the lower intercept age of 181.7 ± 8.8 Ma (Fig. 2(c) ).
Collectively, the emplacement of these studied diorites-granodiorites took place within a limited time interval between 172-182 Ma, and they have an identical crystallization age within error bar. Some of zircon grains from the Tongshanling granodiorite give the upper intercept age of 1746 ± 197 Ma (and 207 Pb/ 206 Pb apparent ages), significantly greater than 182 Ma. This age is somewhat similar to the metamorphic age of the gneiss xenoliths (1964 ± 164 Ma) in the SHB (Guo et al., 1997b) and thus can be attributed to the inherited zircons extracted from Precambrian lower/ middle crust (LC/MC). The occurrence of inherited zircons implies that the dioritic-granodioritic magma in the SHB might have been contaminated by old crust material during magma ascent. Alternatively, the metamorphic basement had an important contribution to their source (Wang et al., 2001) . Guo et al., 1997b; Li, 1990) and 97Hu-30 is granulite xenolith in SHB (from Kong et al., 2000) .
TSD, TSX, JYT and JHT are from Tongshanling granodiorites (t = 179 Ma). BSH and SKS are from Baoshan (t = 172 Ma) and Shuikoushan diorites-granodiorites (t = 173 Ma), respectively. Gneiss (4) refers to the average of four gneiss xenoliths (from
Mineralogy
Plagioclases in diorites and/or granodiorites from different plutons have uniform chemical compositions (Table 2) . They generally show a high SiO 2 (57.6~63.8 wt%), Al 2 O 3 (21.7~26.7 wt%) and Na 2 O (5.9~9.6 wt%) contents and a low CaO (4.3~8.4 wt%), K 2 O (<1.0 wt%) contents (Table 2 ). Subsequently, they are low in An (An = 22~38). Some plagioclase phenocrysts show normal zoning with a relatively low An percentage in rim.
Amphibole and biotite are the most common mafic minerals in these rocks. Biotite is highly aluminous [Al/(Al+Si+Mg+Fe) = 0.22-0.24] and ferrous [Fe/(Fe+Mg) = 0.50-0.62]. The TiO 2 content ranges from 2.63% to 3.57% (Table 2 ). The amphiboles are mainly hornblendes with a few artinolitic hornblendes on the A site versus Si VI diagram (no shown). Amphiboles show (Ca + Na) > 1.34 and Na B < 0.37 and thus are calcic amphibole according to Leake's (1978) Morrison, 1980) and (b) QAP diagram (after Steckeisen, 1973 Schmidt, 1992) . The calculation result shows that the pressure from these dioritesgranodiorites in SHB is in the range of 2.9-4.2 kb, corresponding to a depth of ca. 10-13 km under the static pressure condition. The temperatures of ca. 800-850°C are obtained using the thermometer of Holland and Blundy (1994) with estimates from Schmidt's geobarometer as pressure input. These results are consistent with the formation temperature of diorites-granodiorites obtained by the application of saturation equations for Zr, LREE and P 2 O 5 (e.g., Watson and Harrison, 1983; Montel, 1993) . 
Geochemistry
All these samples are high in K 2 O content (3.26 to 4.81%) with K 2 O/Na 2 O ratio of 1.07~2.01. In the SiO 2 -K 2 O plot, they plotted in the high-K calcalkaline rock field ( Fig. 3(a) ) (Morrison, 1980) . Baoshan and Tongshanling samples are metaluminous (A/CNK = 0.79-1.01) whereas Shuikoushan samples are slightly peraluminous (A/CNK = 0.98-1.19) in terms of classification schema of Maniar and Piccoli (1989) . In the QAP diagram ( Fig. 3(b) ), Shuikoushan samples lie within diorite and quartz diorite field, whereas Tongshanling and Baoshan samples are almost within granodiorite field (Steckeisen, 1973 Sun and McDonough (1989) and chondrite from Taylor and McLennan (1985) .
Fig. 5. Chondrite-normalized REE patterns (a)-(c) and primitive mantle-normalized spidergrams of these dioritesgranodiorites in the SHB (d)-(f). Normalized values for primitive mantle are from
Al 2 O 3 , TiO 2 , P 2 O 5 and compatible element contents (Ni, Co and Sc) than Baoshan and Tongshanling samples (Table 3) . For Shuikoushan samples, HFSEs (e.g., Zr, Nb) have limited variations (Zr = 111~245 ppm and Nb = 14.2~17.1 ppm), but LILEs (e.g., Th, Ba) have a relatively large range in concentration and generally increase with increasing SiO 2 (Figs. 4(g)-(j), Table 3 ). In contrast, Baoshan and Tongshanling samples have a small range of HFSEs and LILEs abundance irrespective of SiO 2 contents (e.g., Th, Ba, La, Sr, Zr, Nb), suggesting that magma differentiation plays a less important role during magma evolution.
All these samples have LREE-enriched chondrite-normalized REE patterns and show a slightly HREE fractionated with weakly negative or inappreciable Eu anomalies (Figs. 5(a)-(c) ). It is noted that Shuikoushan samples have higher (La/Yb) cn and (Gd/Yb) cn ((La/Yb) cn = 8.96~27.0, (Gd/Yb) cn = 2.01~3.26) than those for Baoshan and Tongshanling granodiorites ((La/Yb) cn = 4.31~12.53, (Gd/Yb) cn = 1.15~1.74). This pattern is significantly different from that of neighbouring Mesozoic S-type granites that show moderate HREE fractionation but strongly negative Eu anomalies (Zhuang et al., 1988) .
In the primitive mantle-normalized spidergrams (Figs. 5(d)-(f) ), these samples have strong negative Ba, Nb and Ta anomalies and significant enrichment in Rb and LREE. Negative P, Ti and Sr anomalies are also present but extent of the anomalies varies greatly. Negative Sr anomaly in Baoshan samples is more obvious than that in Shuikoushan and Tongshanling samples. Negative P and Ti anomalies for Baoshan and Tongshanling samples, are more significant than those for Shuikoushan samples.
The initial Sr and Nd isotopic ratios have been corrected using an average age of 175 Ma. As illustrated in Fig. 6 , all studied samples are plotted in the enriched mantle quadrant. They are isotopically distinct from Indo-Sinian to early Yanshanian granites, metamorphic basement rocks in the SCB and the lower crust in the Yangtze block (Chen and Jahn, 1998; Shen et al., 1998; Guo et al., 1997b; Li, 1990; Gao et al., 1999) . Shuikoushan and Baoshan samples have similar (Guo et al., 1997b; Li, 1990) ; early Mesozoic S-type granites (Chen and Jahn, 1998; Shen et al., 1998) ; lower crust of the Yangtze block represented by Kongling TTG rocks (Gao et al., 1999) ; depleted mantle-derived mafic magma in SHB (224-170 Ma) (Guo et al., 1997a; Zhao et al., 1998) . Symbols as in Fig. 3(b 
PETROGENESIS
Negative Nb-Ta anomalies are usually regarded as a signature of subduction-related and/ or crust-derived magmas (Whalen et al., 1996) . The SHB magmas are characterized by significant negative Nb-Ta anomaly (Nb/La = 0.30-0.85), high abundance of incompatible elements, low ε Nd (ε Nd = -6.98 to -2.30) and relatively high 87 Sr/ 86 Sr ratio (0.707962-0.710396). These characteristics are therefore indicative of involvement crustal components either in the source region of magmas or assimilated by crustal material during its ascent to the surface. Three petrogenetic models can be put forward to explain the elemental and isotopic composition of the dioritesgranodiorites in SHB. These include (1) anatexis of crustal rocks (e.g., McDermott et al., 1996) ; (2) derivation from a mantle source, subsequently by assimilation-fractional crystallization (AFC) processes; and (3) partial melting of underplated basalts hybridized by old crust materials. Evaluation of these alternatives will be the focus of the following discussion.
Anatexis of crustal rocks?
High-K calc-alkaline diorites-granodiorites can be generated by anatexis of the metapelitic assemblage and crustal rocks due to unrooting of a thickened lithosphere or slab break-off (e.g., von Blanckenburg et al., 1998; Altherr et al., 2000) . Compositional differences of magmas produced by partial melting of different source rocks under variable melting conditions could be visualized in term of Al 2 O 3 /(MgO+FeO*) and CaO/ (MgO+FeO) ratios (e.g., Altherr et al., 2000) . Generally, mantle-derived melts have lower Al 2 O 3 / (MgO+FeO*) but higher CaO/(MgO+FeO*) than those from metapelitic rocks. As shown in Fig. 7 , most of diorites-granodiorites in SHB are plotted in the range of melts derived from a basaltic source.
The geochemical signatures and isotopic ratios of these diorites-granodiorites from the SHB (e.g., 87 Sr/ 86 Sr(t) = 0.707962~0.710396, ε Nd (t) = -6.98~-2.30 and δ 18 O = +8.6~+10.7‰) are different from Precambrian metamorphic basement and their derivative S-type granites in SCB ( 87 Sr/ 86 Sr(t) = 0.7100~0.7250, ε Nd (t) = -12~-16 and δ 18 O = +11.4~+15.0‰) (Zhuang et al., 1988; Li, 1990; Shen et al., 1998) . This means that these diorites-granodiorites from the SHB cannot directly originate from Precambrian metamorphic rocks. Hornblende-titanite granodiorites derived from a non-pelitic source would have generally lower Rb/Ba (<0.33) and Rb/Sr (<1.1) ratios than those from metapelitic rocks (Jung et al., 2000) . The diorites-granodiorites in the SHB have Rb/Sr and Rb/Ba ratios of 0.80-1.2 and 0.25-0.35, respectively. These observations rule out the upper/ middle crustal rocks as sole source for the SHB magmas.
Mafic granulite xenoliths from late Mesozoic alkaline basalts in SHB (Fig. 1(b) ) are the direct samples of the lower crust in the SHB (Kong et Fig. 7 Altherr et al. (2000) . Symbols as in Fig. 3(b) . al., 2000) . They have ε Nd value (ε Nd = -5.8~-6.0 at 175 Ma) (Kong et al., 2000) similar to Shuikoushan and Baoshan samples but lower than Tongshanling samples (Fig. 11) . Even if such granulite xenoliths are assumed as source materials, and Ca-plagioclase and hypersthene were retained in source during melting, the melting products would possess significantly negative Eu anomalies. However, only weakly negative to inappreciable Eu anomalies are observed in the diorite-granodiorites in the SHB. In addition, experimental studies (e.g., Rushmer, 1991; Sen and Dunn, 1994; Rapp and Watson, 1995) have shown that, regardless of the degree of partial melts, metaluminous to slightly peraluminous intermediate melts, even some mafic melts, by dehydration melting of mafic granulites under extremely high temperature are generally characterized by low K 2 O and high Na 2 O concentrations (>4.3wt%). However these characteristics are not observed in these diorites-granodiorites in the SHB. On the other hand, most of dioritesgranodiorites from the SHB show weakly fractionated HREE, and high Y contents (>18 ppm) as well as relatively low ratios of Sr/Y (3-16). In this regards, they are completely different from the adakitic rocks derived from lower crust, further suggesting that residual garnet was not be involved during the melting process (Martin, 1999) . Therefore, derivation of these dioritesgranodiorites from mafic granulites alone seems unlikely.
. Al/(Mg+Fe total in molecular ratio) vs. Ca/ (Mg+Fe total in molecular ratio) plots of the dioritesgranodiorites in SHB, indicating basaltic rocks as their melting source rather than metapelitic rocks. The variation ranges of different sources are from
Mantle-derived magma?
As illustrated in Fig. 6 , Sr-Nd isotopic compositions of the SHB dioritic-granodioritic magmas can be explained by mixing between the depleted mantle and the middle/lower crust. It is thus possible that these dioritic-granodioritic magmas were derived from an asthenosphere mantle and were subsequently affected by AFC processes during its ascent to the surface. This hypothesis seems to be consistent with the covariance between incompatible elements and elemental ratios (e.g., Rb vs. Rb/Nb) (Figs. 8(a) and (b) ) as well as between elemental ratios (e.g., La/Yb vs. Ce/Y and Rb/La vs. Nb/La) (e.g., Langmuir et al., 1978; Figs. 8(c) and (d)). One component that exhibits low La but high Nb/La, Rb/Nb ratios is of similar affinity to that of a depleted mantle source or its derivative melts. Another component has high La contents but low Nb/La, Rb/Nb ratios and it might Fig. 3(b (DePaolo, 1981) . However, the facts as following do not support the significant crustal contamination: (1) the samples from each intrusion show a very limited variation in K 2 O/P 2 O 5 and K 2 O/TiO 2 (Table 3) ; (2) the incompatible element ratios, e.g., Zr/Nb, are also relatively constant irrespective of SiO 2 contents ( Fig. 9(a)) ; (3) (Figs. 9(b) and (c) ).
. Element vs. elemental ratio ((a) and (b)) and elemental-elemental ratios ((c) and (d)) of the dioritesgranodiorites in the SHB. Symbols as in
Compositions of plagioclase and whole rock are shown in Fig. 10 . K D Ca-Na values for plagioclase-melt exchange equilibrium defined as (Ca/Na) plag /(Ca/Na) liq by Sisson and Grove (1993) , has a narrow variation (K D Ca-Na = 0.95 in average), similar to the experimental works at 8-10 kb that carried out by Sisson and Grove (1993) . This suggests that whole-rock composition is in equilibrium with phenocryst and the system was in a relatively undisturbed state during magma evolution (Hunter and Bleak, 1995) . The narrow compositional variations, together with the low An number and normal zoning patterns within plagioclase phenocrysts are inconsistent with mixing between a hot mafic and a cool felsic melts.
Alternatively, the crustal signatures in the SHB magmas may directly inherit from that of an enriched lithospheric mantle. In this case, the relatively high SiO 2 contents (60-68 wt%) and low Mg# (0.40-0.59) in the SHB magmas require a significant fractionation of mafic minerals in magma evolution. However, the common mafic phases in mantle-derived magmas such as olivine and pyroxene are not observed in these dioritesgranodiorites from the SHB. Moreover, the slightly fractionated REE patterns and limited Fig. 3(b) . Fig. 10 . Plagioclase Ca/Na plag vs. whole-rock Ca/Na (molar) from the diorites-granodiorites in the SHB. Symbols as in Fig. 3(b) . variations in compatible elements (i.e., Ni, Co, Sc and V) argue against a significant fractionation of hornblende in Shuikoushan samples, although a small amount fractionation of hornblende did take place for Baoshan and Tongshanling samples given the negative correlation between SiO 2 and MgO, FeO. A minor role of biotite and alkaline feldspar during the fractionation is inferred from the fact that Ba, Th and Rb increase with increasing SiO 2 for Shuikoushan samples and that the Sr, Ba, Rb, Th concentrations irregular varied with the increasing SiO 2 for Baoshan and Tongshanling samples. On the other hand, the contemporaneous mafic lavas in the SHB has a ε Nd value of +3~+6 (Zhao et al., 1998) , and a few gabbro xenoliths with age of ca. 224 Ma and peridotite xenoliths have ε Nd value of +5~+8 and +10~+13, respectively (Guo et al., 1997a) . This suggests that lithospheric mantle might be depleted rather than enriched before or during the formation of early Mesozoic diorites-granodiorites in the SHB. It is therefore concluded that the geochemical and SrNd isotopic variation for the diorites-granodiorites from the SHB cannot be viably accounted for by crust contamination (or magma mixing) of asthenospheric melts nor by crystal fractionation of an extensive enriched lithospheric mantle-derived melt.
t) (c) plots of the diorites-granodiorites in the SHB. Symbols as in
Melting of a hybridized source between underplated basalts contaminated by old crust material?
While the possibility of mantle-derived magma petrogenesis is ruled out, the mixing trends illustrated in Figs. 6 and 8 strongly suggest participation of a mantle component in the genesis of the SHB magmatism. The simplest interpretation is that these dioritic-granodioritic magmas in the SHB were derived from a hybridized source between a mantle-derived magma and an old crust basement. The early Mesozoic mantle-derived magma poorly outcropped in the SHB exclusively exhibit the geochemical characteristics of depleted mantle-derived magma (MORB/OIB) (Guo et al., 1997a; Zhao et al., 1998) . The gabbro xenoliths hosted by alkali basalts in the SHB, the important (Li, 1990; Shen et al., 1998; Guo et al., 1997a, b; Zhao et al., 1998) Fig. 3(b) . element of early Mesozoic mantle-derived magma, have lower La but higher Nb/La (0.80-1.20) and ε Nd value (ca. +5~+8), similar to those of MORB/ OIB (Guo et al., 1997a; Kong et al., 2000) . The gneiss xenoliths hosted by alkali basalts in the SHB, which is usually considered to be equivalent with the component of the LC/MC in South China (Guo et al., 1997b; Li, 1990) , have lower Nb/La ratio (0.15-0.48, average of 0.30), ε Nd value (ca. -13) but higher La content (e.g., Guo et al., 1997b; Kong et al., 2000; Wang et al., unpublished data) . Therefore, to define the respective contribution to the crustal and mantle-derived components in the dioritic-granodioritic melt generation, mixing calculations have been performed using the gabbro and gneiss xenoliths in the SHB as two potential components.
. The results show that these diorites-granodiorites in the SHB were impossibly generated by the melting of granulites. In contrast, they should be originated from the variable degree partial melting of a hybridized source between 15-30% Precambrian crust (represented by gneiss xenoliths in SHB) and 70-85% early Mesozoic depleted mantle-derived melts (represented by gabbro xenoliths in SHB). Symbols as in
The modeling results, shown in Fig. 11 (a), suggest that addition of about 25-30% crust component into depleted mantle-derived mafic melts can nicely account for the Sr-Nd isotopic variation for Shuikoushan and Baoshan samples. A slightly low percentage of crustal material (15-30%) was involved for Tongshanling granodiorites. Similar results were obtained by mass balance calculation (Fig. 11(b) ). An involvement of ca. 15-30% crust material could also better explain the arc-type trace element signatures for these dioritesgranodiorites. For example, the variation of Nb/ La ratio (0.30-0.85) for these dioritesgranodiorites in the SHB could be arrived by those of 15-30% gneiss (Nb/La = 0.15-0.48) and 70-85% gabbro xenoliths (Nb/La = 0.80-1.20).
It is noted from Fig. 11 that all of the rocks in the SHB are plotted along partial melting trend rather than the mixing curve. Therefore, the simple mixing could not produce these dioritesgranodiorites in the SHB. Either partial melting to various extents or fractional crystallization controlled redistribution of Nd, SiO 2 and other elements between melt and relict phases. Due to an insignificant role of fractional crystallization process during magma evolution as discussed previously, various degrees of partial melting of a hybridized source may play an important role in generating the major and trace element variations.
Usually, the extent of LREE and REE fractionation (e.g., La/Sm, Ce/Yb) is sensitive to variable degrees of partial melting and to source difference. The shifts in 87 Sr/ 86 Sr and 143 Nd/ 144 Nd ratios may be related to the variation of the source compositions (e.g., Giannetti and Ellam, 1994) . Shuikoushan samples exhibit higher Ce/Yb (34.5-70.9) than other intrusions (12.3-34.0) but similar La/Sm ratio (4.15-7.63). However, the generally positive correlation for each intrusion between 87 Sr/ 86 Sr and La/Sm, Ce/Yb ratios clarify that source heterogeneity has a more important contribution to compositional variation in the dioriticgranodioritic magma (Table 3) . Therefore the trace elemental and isotopic variation of these dioritesgranodiorites in the SHB should be inherited from heterogeneities within the hybridized source region, combined with variable degrees of partial melting. For example, Tongshanling samples with higher ε Nd value have smaller the addition of crust in the source, and their melts contain relatively lower SiO 2 , LREE, LILE but high MgO and compatible element contents in comparison with those lower ε Nd samples (Table 3) .
TECTONIC IMPLICATIONS
The early Mesozoic tectonic evolution in SCB has been long debated. Some hypotheses, such as Andean-type active continental margin, Alps-type collisional belt, and lithosphere subduction with underplating of mafic magma (e.g., Hsü et al., 1990; Faure et al., 1996; Zhou and Li, 2000) , have been proposed. These hypotheses emphasize the role of either westward subduction of ancient Pacific plate or of the closure of the oceanic basin in the interior of SCB. However, paleomagnetic evidence showed that the westerly-dipping subduction of Pacific plate existed no earlier than 25 Ma (e.g., Engebretson et al., 1985) . The westward thrust-fault and younger granitoids from west (east of Yangtze Block) to coastal zone (Zhejiang-Fujian provinces) with more than 1000 km in width in the interior of SCB cannot also be solely explained by the westward subduction of ancient Pacific plate (e.g., Li, 2000) . The oceanic-or arc-conti-nental subduction/collision model has also been challenged by the absence of contemporaneous Alps-type tectonic nappes, ophiolite suites, oceanic sedimentary basins and typical arc-island granitoids as well as related paleobiologic assemblage during early Mesozoic. Additionally, geochemical and isotopic data of Mesozoic magmatism indicate an intra-plate tectonic evolution since early Mesozoic, probably Paleozoic (e.g., Rowley et al., 1989; Li, 2000; Guo et al., 1997a; Zhao et al., 1998; Chen and Jahn, 1998) .
The NE-trending potassium-rich calc-alkaline diorites-granodiorites in the SHB have arc-type trace element signature and relatively high 87 Sr/ 86 Sr and lower ε Nd . They may have originated from partial melting of a hybridized source of underplated basalts with old crust material. We therefore suggest that the high-K dioritesgranodiorites in the SHB were generated by asthenospheric upwelling in response to the lithospheric extension/thinning under a tensional regime rather than in a subduction zone. This model is similar to those proposed for high-potassium calc-alkaline magmatism in North American and Lachlan fold zone in southeast Australia (e.g., Leat et al., 1988; Hawkesworth et al., 1995) . Li et al. (1999) documented some intra-plate shoshonites with emplacement age of 160-170 Ma from southeastern Guangxi Province, which have no Nb-Ta anomalies and relatively high ε Nd value (-2~+3). Therefore, there may exist an important high-ε Nd and low-T DM potassium-rich zone within the SCB, of which diorites-granodiorites in the SHB and shoshonites in southeastern Guangxi Province are the important constituents ( Fig. 1(a) ). It is noted that extension-related mafic magmatism is sporadically distributed in the interior of South China. This includes 170-180 Ma OIB-type basalt in the SHB, intra-plate shoshonites (~165 Ma) in southeastern Guangxi and western Guangdong Provinces and the bimodal volcanic rocks (~175 Ma) in southern Jiangxi Province (e.g., Wang et al., 2001; Zhao et al., 1998; Li et al., 1999) . It is thus inferred that an important intra-continental extensional event occurred not only in SHB, but also in other areas in SCB during early Mesozoic.
These diorites-granodiorites with age of ca. 175 Ma in the SHB were derived from a hybridized source as discussed previously. This implies that the generation of dioritic-granodioritic magmatism took place in two consecutive steps that might be closely related to extensional episodes during early Mesozoic.
In the first stage, the basaltic melts were underplated into the lower/middle crust under lithospheric extension setting. A hybridized source of depleted mantle-derived magmas with old crust basement was generated. Given the relatively important volume of these intermediate magmas in the SHB, thermal and material transfer from the mantle to surface during early Mesozoic was probably considerable. If this underplating event took place synchronously with the dioritic-granodioritic magmatism (175 Ma), some contemporaneous eruptive rocks are expected to see in the surface unless the middle/lower crust behaved as a very effective density filter. On the other hand, transfer of important volume of hot mantle-derived magma into middle/lower crust may induce anatexis of crust to generate contemporaneous Stype granitic rocks. To our surprise, however, such rocks are poorly documented in the SHB from late Paleozoic to early Yanshanian (Zhuang et al., 1988; HBGMR, 1986) . The only exception is the rare outcrops of early Mesozoic gabbro xenolithes (ca. 224 Ma) in Daoxian County (Guo et al., 1997a; Zhao et al., 1998) . Most S-type granites resulting from anatexis of the crust in SHB were emplaced during late Indo-Sinian (200~230 Ma, 87 Sr/ 86 Sr(t) = 0.7180~0.7270 and ε Nd (t) = -11-17) (Zhuang et al., 1988; HBGMR, 1986) , significantly older than the dioritic-granodioritic magmatism (175 Ma) in the SHB. We therefore deduce that the basaltic underplating might have occurred at ca. 224 Ma.
Lithosphere extension persistently developed till ca. 175 Ma. As a consequence, the thermal gradient of the crust became high enough for a hybridized source formed during previous episode started to melt partially. The process gave rise to the formation of these diorites-granodiorites that are highly enriched in LILE and LREE.
CONCLUSIONS
The early Mesozoic dioritic-granodioritic rocks in the SHB were emplaced at 172-179 Ma at a depth of 10-13 km. They show high-K-calcalkaline characteristics, LREE, LILE enrichment and HFSE depletion as well as slightly enriched Sr and Nd isotopic compositions (initial 87 Sr/ 86 Sr = 0.707962 to 0.710396 and ε Nd (t) = -6.98-2.30). These geochemical and isotopic features are remarkably different from their neighboring Mesozoic S-type granitic plutons with significantly negative Eu anomalies and highly enriched Sr-Nd isotopic composition, which were interpreted as the remelting products of Precambrian basement. They might be derived from a hybridized source between 70-85% underplated basalts with 15-30% old crust material rather than anatexis of crustal rocks or melting of an enriched lithospheric mantle. The petrogenesis requests extensive thermal and mass transfer from mantle to crust in response to asthenospheric upwelling and lithospheric extension in SHB. In combination with the occurrence of contemporaneous mafic lavas and shoshonites at other areas in SCB, it should be reasonable that an important intracontinental lithospheric extension event occurred in the SHB, even in SCB during or even before early Mesozoic.
